A numerical analysis is carried out to study heat and mass transfer effects on MHD natural convection flow past an impulsively moving vertical plate with ramped temperature. The dimensionless governing momentum, energy and concentration equations for this investigation are solved numerically by using most flexible method which is finite element method. The effects of the various pertinent parameters entering into the problem on the velocity, temperature and the concentration profiles are illustrated graphically and discussed for both ramped temperature and isothermal plates. The effects of various parameters on the skin friction, Nusselt number and the Sherwood number are presented numerically in tabular form. Finally obtained numerical results are compared with the previously published results and are in quantitative agreement.
Introduction
In many practical situations such as condensation, evaporation and chemical reactions the heat transfer process is always accompanied by the mass transfer process. Perhaps, it is due to the fact that the study of combined heat and mass transfer is helpful in better understanding of a number of technical transfer processes. Besides, free convection flows with conjugate effects of heat and mass transfer past a vertical plate have been studied extensively in the literature due to its engineering and industrial applications in food processing and polymer production, fiber and granular insulation and geothermal systems. Due to this one several authors contributed in this area. Few of them are Das and Jana (2010) dealt Heat and mass transfer effects on unsteady MHD free convection flow near a moving vertical plate in porous medium. Nakayama and Hossain (1995) investigated an integral treatment for combined heat and mass transfer by natural convection in a porous medium. Yih (1997) has studied the effect of transpiration on coupled heat and mass transfer in mixed convection over a vertical plate embedded in a saturated porous medium. Ganesan and Palani (2003) have analyzed natural convection effects on impulsively started inclined plate with heat and mass transfer. Abderrahman Nait Alla et al. (2015) have given numerical simulation of heat and mass transfer in the evaporation of glycols liquid film along an insulated vertical channel. Alam et al. (2015) have discussed transient hydromagnetic forced convective heat transfer slip flow due to a porous rotating disk with variable fluid properties.
Investigation of hydromagnetic natural convection flow with heat and mass transfer in porous and non-porous media has drawn considerable attentions of several researchers owing to its applications in astrophysics, geophysics, aeronautics, electronics, meteorology, metallurgy, chemical and petroleum industries. Magnetohydrodynamic (MHD) natural convection flow of an electrically conducting fluid in a fluid saturated porous medium has also been successfully exploited in crystal formation. In addition to it, the thermal physics of hydromagnetic problems with mass transfer is of much significance in energy generators, flow-meters, pumps, accelerators, controlled thermo-nuclear reactors, etc. Keeping in view the importance of such study, Chen (2004) analyzed combined heat and mass transfer in MHD free convection flow from a vertical surface with Ohmic heating and viscous dissipation. Ibrahim et al. (2004) considered unsteady MHD micropolar fluid flow and heat transfer past a vertical porous plate through a porous medium in the presence of thermal and mass diffusions with a constant heat source. Chamkha (2004) investigated unsteady MHD convection flow with heat and mass transfer past a semi-infinite vertical permeable moving plate in a uniform porous medium with heat absorption. Makinde and Sibanda (2008) have studied MHD mixed convection flow with heat and mass transfer past a vertical plate embedded in a uniform porous medium with constant wall suction in the presence of uniform transverse magnetic field. Makinde (2009) discussed MHD mixed convection flow and mass transfer past a vertical porous plate embedded in a porous medium with constant heat flux.
The Hall effect is due merely to the sideways magnetic force on the drafting free charges. The electric field has to have a component transverse to the direction of the current density to balance this force. In many works of plasma physics, it is not paid much attention to the effect caused due to Hall current. However, the Hall effect cannot be completely ignored if the strength of the magnetic field is high and number of density of electrons is small as it is responsible for the change of the flow pattern of an ionized gas. Hall effect results in a development of an additional potential difference between opposite surfaces of a conductor for which a current is induced perpendicular to both the electric and magnetic field. This current is termed as Hall current. Due to this some investigations regarding the effect of Hall current are mentioned in the studies. Cowling (1957) observed that when the strength of the applied magnetic field is sufficiently large, Ohm's law needs to be modified to include Hall current. Malique and Sattar (2005) have presented the effects of variable properties and Hall current on steady MHD laminar convective fluid flow due to a porous rotating disk.
The heat generated per unit time and unit volume by internal friction is called the viscous dissipation. In the case of air, for a temperature difference of 10 • F, a velocity of the order of 150 ms -1 will make the viscous dissipation term comparable with other terms (1972) . It has been recognized that significant viscous dissipation may occur in natural convection in various devices which are subject to large decelerations or which operate at high rotative speeds. In addition, important viscous dissipation effects may also be present in stronger gravitational fields and in processes wherein the scale of processes is very large, e.g., on larger planets, in large masses of gas in space, and in geological processes in fluids internal to various bodies (1962, 1969) Hence, researchers dealt with a problem of such kind. Incidentally, Lekas and Georgantopoulous (1992) studied the effects of viscous dissipation on free convection flow past an impulsively started infinite vertical porous plate in the presence of a uniform transverse magnetic field. Sivaiah and Srinivasa Raju (2013) have given finite element solution of heat and mass transfer flow with Hall current, heat source, and viscous dissipation.
The effect of radiation on MHD flow and heat transfer problem has become more important industrially. At high operating temperature, radiation effect can be quite significant. Many processes in engineering areas occur at high temperature and knowledge of radiation heat transfer becomes very important for the design of the pertinent equipment. Nuclear power plants, gas turbines and the various propulsion devices for aircraft, missiles, satellites and space vehicles are examples of such engineering areas. Bestman (1990) examined the natural convection boundary layer with suction and mass transfer in a porous medium. Makinde (2005) examined the transient free convection interaction with thermal radiation of an absorbing-emitting fluid along moving vertical permeable plate. Ibrihem et al. (2005) have studied non classical thermal effects in Stokes' second problem for micro polar fluids.
Fluid heat generation or absorption effects are of much significance in certain porous medium applications such as fluids undergoing exothermic and/ or endothermic chemical reaction, applications in the field of nuclear energy, convection in Earth's mantle, post accident heat removal, fire and combustion modeling, development of metal waste from spent nuclear fuel etc. It is noticed that exact modeling of internal heat generation/absorption is much complicated. It is found that some simple mathematical models yet idealized may express their average behavior for most of the physical situations. Taking into consideration this fact, investigation of such fluid flow problems is carried out by many researchers in the past. Few of them are Vajravelu and Nayfeh (1992) have analyzed hydromagnetic convection at a cone and a wedge. Crepeau and Clarksean (1997) investigated similarity solutions of natural convection with internal heat generation. Moalem (1976) studied steady state heat transfer with porous medium with temperature dependent heat generation. Chamkha (2004) discussed unsteady MHD convective heat and mass transfer past a semi-infinite vertical permeable moving plate with heat absorption. Rahman and Sattar (2006) have studied magnetohydrodynamic convective flow of a micropolar fluid past a continuously moving vertical porous plate in the presence of heat generation/absorption. Several investigations were performed using both analytical and numerical methods under different thermal conditions which are continuous and well defined at the wall. Practical problems often involve wall conditions that are non-uniform or arbitrary. To understand such problems, it is useful to investigate problems subject to step change in wall temperature. For instance the fabrication of thin-film, nuclear heat transfer control, materials processing and turbine blade heat transfer. Chandran et al. (2005) have presented an analytical solution to the unsteady natural convection flow of an incompressible viscous fluid near a vertical plate with ramped wall temperature. Seth et al. (2013) have studied numerical solution of unsteady hydromagnetic natural convection flow of heat absorbing fluid past an impulsively moving vertical plate with ramped temperature. Seth et al. (2015) have discussed effects of hall current and rotation on hydromagnetic natural convection flow with heat and mass transfer of a heat absorbing fluid past an impulsively moving vertical plate with ramped temperature. Siva Reddy et al. (2015) narrated transient approach to heat absorption and radiative heat transfer past an impulsively moving plate with ramped temperature. Ghara et al. (2012) investigated the effect of radiation on MHD free convection flow past an impulsively moving vertical plate with ramped wall temperature.
Numerous authors studied the heat and mass transfer effects on MHD natural convection flow past an impulsively moving vertical plate. However, the MHD free convection flow with viscous dissipation has not received much attention. Hence, now we proposed to study heat and mass transfer effects on MHD natural convection flow with viscous dissipation past an impulsively moving vertical plate with ramped temperature. The governing equations are solved by using finite element method. Numerical results are presented graphically for various values of the physical parameters of interest. The effects of skin friction, Nusselt number and Sherwood number are presented in tabular form and at the same time they compared with previously published results. This paper has been arranged as follows. The mathematical formulation of the problem is discussed Section 2. Method of solution is explained in Section 3. Grid independence study is shown Section 4.Validation of Numerical method is presented in Section 5. Numerical results and discussions are shown in Section 6. The conclusions have been summarized in Section 7.
Mathematical Analysis
Consider natural convection flow with heat and mass transfer of a viscous, incompressible, electrically conducting and heat absorbing fluid past an infinite vertical plate embedded in a uniform porous medium taking Hall current into account. The physical model and coordinate system are shown in Fig 
, and it is maintained at a uniform temperature
species at the surface of the plate is raised to uniform species concentration w C and is maintained thereafter.
Since the plate is of infinite extent in '
x and z directions and is electrically non-conducting, all physical quantities except pressure depend on ' y and t only. Also no applied or polarized voltages exist so the effect of polarization of fluid is negligible. This corresponds to the case where no energy is added or extracted from the fluid by electrical means Cramer and Pai (1973) . It is assumed that the induced magnetic field generated by fluid motion is negligible in comparison to the applied one. This assumption is justified because magnetic Reynolds number is very small for liquid metals and partially ionized fluids which are commonly used in industrial applications.
Fig. 1. Physical model of the problem
Keeping in view the assumptions made above, governing equations for natural convection flow with heat and mass transfer of a viscous, incompressible, electrically conducting and heat absorbing fluid in a uniform porous medium in a rotating frame of reference, under Boussinesq approximation, taking Hall current into account are given by
where
are respectively fluid velocity in x -direction, fluid velocity in z -direction, kinematic coefficient of viscosity, electrical conductivity, density, permeability of porous medium, acceleration due to gravity, coefficient of thermal expansion, coefficient of expansion for species concentration, fluid temperature, species concentration, molecular(mass) diffusivity, volumetric coefficient of thermal expansion for species concentration, conductivity, specific heat at constant pressure and heat absorption coefficient.
The initial and boundary conditions for the problem are specified as 
And neglecting higher order terms beyond the first degree in 
To present solutions which are independent of geometry of the flow regime, we introduce the dimensionless variables, as follows 
Substituting equation (11) in equations (1), (2), (10) and (4) 
Method of Solution
The finite element method is the most versatile numerical procedure employed by engineers in solving linear and nonlinear partial differential equation systems. The Finite element method has been implemented to obtain numerical solutions of equations (10)-(13) under boundary conditions (16). Finite element method by Bathe (1996) and Reddy (2006) have been utilized in diverse branches of applied mechanics and fluid dynamics including combustion, geomechanics, structural dynamics, magneto-hydrodynamics, bio-fluid dynamics and many other areas of technology. The basic steps involved in the finite-element analysis of a problem are as follows:
Step 1: Discretization of the infinite fluid domain into finite elements:
i. The whole domain is divided into a finite number of sub domains, which is called the discretization of the domain. Each sub domain is called an element. The collection of elements is then denoted the finite-element Mesh. The intersection of any two elements is termed an inter-element boundary. The intersection points are called the global nodes. ii.
The nodes and elements are numbered. iii.
The geometric properties needed for the problem are generated, which indicates the position of the elements.
Step 2: Derivation of element equations: i. A typical element is isolated from the mesh and the variational formulation of the given problem over the typical element is constructed. ii. An approximate solution of the variational problem is assumed. Substituting it into the element equations is made. iii.
The element matrix or stiffness matrix is constructed by using the element interpolation functions. The interpolation functions depend on the type of element (geometry, number of nodes and number of primary unknowns per node). These functions have to be derived or selected and are not already available in the literature. iv.
Step 3: Assembly of Element Equations:
The algebraic equations so obtained are assembled by imposing the inter element continuity conditions (i.e. the values of the nodal variables at the nodes are identical for two or more elements). This yields a large number of algebraic equations known as the global finite element model, which governs the whole domain.
Step 4: Imposition of boundary conditions:
The initial and final boundary conditions (16) are imposed on the assembled equations.
Step 5: Solution of assembled equations:
The assembled equations are solved by any of the numerical technique viz. Gaussian Elimination, Gauss-Seidel, LU decomposition etc. Now, it is important to calculate the physical quantities of primary interest, which are the skin friction, Nusselt number and Sherwood number. The expressions for primary skin-friction, secondary skin-friction, the rate of heat transfer coefficient (Nusselt number) and the rate of mass transfer coefficient (Sherwood number) are given by 
Grid Independence Study
A grid refinement test is carried out by dividing the whole domain into successively sized grids 81x81, 101x101 and 121x121 in the z-axis direction. Furthermore we ran the developed code for different grid sizes and finally we found that all the solutions are independent of grid. After many tests we adopted grid size as 101 intervals. Thus all the computations were carried out with 101 intervals of equal step size 0.01. At each node 4 functions are to be evaluated and after assembly of element equations, a set of 404 non-linear equations are obtained and which may not produce closed form solutions, consequently an iterative scheme is adopted to solve the system by introducing the boundary conditions. Finally the solution is assumed to be convergent whenever the relative difference between two successive iterations is less than the value 10 -6 .
Numerical Validation
In order to ascertain the validity and accuracy of present numerical analysis, we have made a comparison in tables 1-3 of the numerical values of primary skin friction, secondary skin friction and Nusselt number are obtained from equations (17) - (19) with the values of the primary skin friction, secondary skin friction and Nusselt number obtained by Seth et.al (2015) Seth et al. (2015) Present Results 
Results and Discussion
The influence of different parameters like rotation parameter 2 K , magnetic parameter 2 M , Hall current parameter m , thermal buoyancy force Gr , concentration buoyancy force Gc , Prandtl number Pr , thermal radiation parameter F , heat absorption  ,Eckert number Ec , Schmidt number Sc and time t on the primary and secondary velocities, temperature and concentration of the fluid for both ramped temperature and isothermal plate are carried out numerically in the boundary layer region and are depicted graphically versus boundary layer coordinate y in Figs. 2 
Figs. 2 and 3 describe the effect of magnetic parameter 2 M on primary and secondary velocities for both ramped temperature and isothermal plates. They portray that the primary velocity and secondary velocity decrease on increasing 2 M .This implies that magnetic field has a tendency to retard fluid velocity for both ramped temperature and isothermal plates. This is due to the fact that application of a magnetic field to an electrically conducting fluid gives rise to a resistive force, known as Lorentz force, which has a tendency to retard the fluid motion.
Figs. 4 and 5 depict the effect of Hall current parameter m on primary and secondary velocities for both ramped temperature and isothermal plates. It is well known that, in an electrically conducting fluid whose density is low and/or applied magnetic field is strong, a current known as Hall current is induced which moves in a direction normal to both electric and magnetic field i.e. total current produced in the flow-field does not move in the direction of electric field. From figs.4 and 5it is clear that primary velocity u increases on increasing m in the region near the plate and it decreases on increasing m in the region away from the plate whereas secondary velocity increases on increasing m throughout the boundary layer region. This implies that, for both ramped temperature and isothermal plates, Hall current has a tendency to speed up secondary fluid velocity throughout the Seth et al.(2015) Present Results boundary layer region, it tends to accelerate primary fluid velocity in the region near the plate whereas it has a reverse effect on primary fluid velocity in the region away from the plate. Figs. 6 and 7 display the effect of rotation parameter 2 K on primary and secondary velocities for both ramped temperature and isothermal plates. They convey that primary velocity decreases and secondary velocity increases on increasing 2 K in the region near the plate and secondary velocity w decreases on increasing 2 K in the region away from the plate. This is due to the reason that rotation tends to slow down primary fluid velocity throughout the boundary layer region whereas it tends to speed up secondary fluid velocity in the region near the plate. It has a reverse effect on secondary fluid velocity in the region away from the plate. This is in agreement with the characteristics of Coriolis force which tends to suppress the primary flow for inducing the secondary flow. Figs. 8 and 9 reveal the influence of thermal Grashof number Gr on primary and secondary velocities for both ramped temperature and isothermal plates. Grashof number is the ratio of buoyancy force due to the spatial variation in the fluid density to the viscous force. When ) 1 ( Gr then viscous force is negligible compared to buoyancy force and inertial force. Grashof number in positive sense indicates the cooling effect near the plate. From figs. 8 and 9 it is understood that primary velocity and secondary velocity increase on increasing Gr . This is due to the spatial variation in fluid density caused by the temperature difference, velocities increase with increasing values of thermal Grashof number. Figs. 10 and 11 illustrate the influence of solutal Grashof number Gc on primary and secondary velocities for both ramped temperature and isothermal plates. The solutal Grashof number represents the relative strength of concentration buoyancy force to viscous force. From figs. 10 and 11 it is understood that primary velocity and secondary velocity increase on increasing Gc . This is due to the fact that concentration buoyancy force has a tendency to accelerate primary and secondary fluid velocities for both ramped temperature and isothermal plates.
Figs. 12, 13 and 14 demonstrate the effect of Prandtl number Pr on primary, secondary velocities and temperature for both ramped temperature and isothermal plates. Prandtl number is the ratio of the kinematic viscosity to the thermal diffusivity of the fluid. From figs. 12 and 13 it is clear that primary velocity and secondary velocity decrease on increasing Pr . Physically, this is true because the increase in the Prandtl number is due to increase in the viscosity of the fluid which makes the fluid thick and hence causes a decrease in the velocities of the fluid. From fig. 14 it is observed that the temperature decreases on increasing Prandtlnumber Pr . This implies that an increase in Prandtl number leads to fall the thermal boundary layer flow for ramped temperature as well as isothermal plates. The effect of the Prandtl number is very important in the temperature field. A fall in temperature occurs due to an increasing value of the Prandtl number. This is in agreement with the physical fact that the thermal boundary layer thickness decreases with increasing of Pr . Figs. 15, 16 and 17 present the effect of thermal radiation parameter F on primary, secondary velocities and temperature for both ramped temperature and isothermal plates. From figs. 15 and 16 it is observed that primary velocity u and secondary velocity w increase on increasing F . This is because the large F values correspond to an increased dominance of conduction over radiation thereby increasing buoyancy forces and thickness of the momentum. From fig. 17 it is observed that temperature increases on increasing thermal radiation parameter F .This result qualitatively agrees with expectations, since the effect of radiation is to increase the rate of energy transport to the fluid, thereby increasing the temperature of the fluid. Figs. 18, 19 and 20 exhibit the effect of heat absorption Q on primary, secondary velocities and temperature for both ramped temperature and isothermal plates. From these figs. it is understood that primary velocity, secondary velocity and temperature decrease on increasing Q . This is due to the fact that the heat absorption (thermal sink) has a tendency to reduce the fluid velocities and temperature. This causes the thermal buoyancy effects to decrease resulting in a net reduction in the fluid velocity. These behaviors are clearly obvious from Figs. 18, 19 and 20 in which both the velocities and temperature distributions decrease as Q increases. It is also observed that both the hydrodynamic (velocity) and the thermal (temperature) boundary layers decrease as the heat absorption effects increase. Figs. 24, 25 and 26 clarify the effect of Schmidt number on primary, secondary velocities and concentration for both ramped temperature and isothermal plates. Schmidt number is a dimensionless number defined as the ratio of momentum diffusivity (viscosity) and mass diffusivity, and is used to characterize fluid flows in which there are simultaneous momentum and mass diffusion convection processes. From figs. 24and 25 it is observed that primary velocity and secondary velocity decrease on increasing Sc . Since Schmidt number is a measure of relative strength of viscosity to chemical molecular diffusivity. This implies that mass diffusion tends to accelerate the primary and secondary fluid velocities for both ramped temperature and isothermal plates. From fig. 26 it is noticed that species concentration decreases on increasing. This due to the reason that mass diffusion has a trend to enhance species concentration. Figs. 27, 28 and 29 show the effect of time t on primary, secondary velocities and temperature for both ramped temperature and isothermal plates. From these figs. it is understood that primary velocity, secondary velocity and temperature increase on increasing t . This implies that primary, secondary fluid velocities and temperature tend to accelerate with the progress of time throughout the boundary layer region for both ramped temperature and isothermal plates.
Conclusion
The present study heat and mass transfer effects on MHD natural convection flow past an impulsively moving vertical plate with ramped temperature has been analyzed numerically by using Finite element method and the results are displayed graphically. From the present investigation the following scientific findings can be made for both ramped temperature and isothermal plates.
i) Primary and secondary velocities increase throughout the boundary layer region with increase in thermal Grashof number, solutal Grashof number, thermal radiation, Eckert number and time and they have a reverse tendency with increase in magnetic parameter, Prandtl number, heat absorption and Schmidt number. ii)
Primary velocity increases in the region near the plate whereas it has reverse tendency in the region away from the plate with the increase in Hall current parameter. Secondary velocity increases throughout boundary layer region on increasing Hall current parameter. iii)
Primary velocity decreases throughout the boundary layer region on increasing rotation parameter. Secondary velocity increases in the region near the plate whereas it has reverse tendency in the region away from the plate with the increase in Rotation parameter. iv)
Temperature profile increases on increasing thermal radiation, Eckert number and time and it has reverse trend with the increase of Prandtl number and heat absorption. v)
Concentration profile decreases with increase of Schmidt number. vi)
We compared numerical values of primary skin friction, secondary skin friction and Nusselt number of Seth et al. (2015) as a special case of our result which are in excellent agreement with the numerical values.
